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Abstract
The aromatization of n-hexane over a number of Pt loaded microporous solid base catalysts have been examined in this thesis. Both experimental and computational tools have been utilized to design, make, characterize and evaluate these catalysts. The four types of zeolite catalysts investigated in this thesis are LTL, BEA, FAU and ETS-10. These catalysts had H, Li, Na, K, Rb, Cs, Mg(OH), Ca(OH), Sr(OH) and Ba(OH) as the non-framework cations to impart different levels basicity in them. The salient aspects of the preparation and characterization of the samples can be summarized as: 1) Four types of zeolites with different structures (LTL, BEA, FAU and ETS-10) were prepared by hydrothermal synthesis followed by calcination. 2) They were exchanged with hydrogen, five alkali metal ions (Li, Na, K, Rb and Cs) and four alkaline earth metal ions (Mg, Ca, Sr and Ba). 3) All these catalysts were loaded with platinum using tetraamine platinum (II) chloride as the impregnating agent. 4) The above catalysts were characterized by XRD, N2 adsorption, SEM, UV-Vis., FTIR, TPD, platinum metal dispersion and MAS-NMR techniques and the following inferences were made: a) All samples were highly crystalline, though a decrease in XRD intensity with the size of the cation was noticed. b) The surface areas of the catalysts also decreased with increasing size of the exchanging cations. c) The synthesized zeolites had uniform particle sizes: ETS-10 catalyst particles were larger (8-10 mm) than the other zeolite particles (1-2 mm). d) Prominent IR absorption bands (framework) in the region of 950-1150 cm-1 and 300-400 cm-1 were observed indicating the typical microporous nature of the silicates. The band in the 950-1150 cm-1 region shifted to higher frequencies with increasing size of the exchanged cation. e) The FTIR spectra of CO2 adsorbed on different ion exchanged zeolites revealed the presence of different types of adsorption sites on the samples. f) The basicity of the catalyst can be directly related to the size of the exchanged cation. The larger the size of the exchanged cation, the higher the basicity of the catalyst. g) The basicity of the catalysts was also correlated to Sanderson's intermediate electronegativity (Sint) and calculated charge on oxygen. h) There are more than one type of basic sites in these zeolite catalysts as revealed by the TPD of CO2. The exchanged cation remaining the same, the basic strength among different zeolites increased in the order FAU < BEA < ETS-10 < LTL. i) H2 Chemisorption revealed the dispersion of Pt in the samples to be in the range of 0.5 to 0.9, the dispersion increasing with the basicity of the catalyst. Thus the usefulness of the characterization tools for ranking the basicity and the efficiency of the catalysts is clearly brought out. Evaluations of the catalytic activity of these zeolites were undertaken. The conclusions of these studies are: 1) Among the zeolites investigated, LTL is the most active one for n-hexane aromatization. The order of ranking of the different zeolites with respect to aromatization activity is: Pt-M-FAU < Pt-M-BEA < Pt-M-ETS-10 < Pt-M-LTL. 2) Conversion of n-hexane increases with the basicity of the samples in the order: Li < Na < K < Rb < Cs and Mg < Ca < Sr < Ba. Benzene selectivity also increases with basicity in the above order. Side reactions such as cracking and isomerization are less over the Pt-alkaline zeolites that Pt-Al2O3. 3) These results suggest that basicity (electronic properties) and structural factors are important in aromatization of alkanes over basic zeolites. 4) Pt-Ba-zeolite and Pt-Cs-zeolite showed the highest benzene selectivity among the alkali and alkaline earth metals exchanged. The highest conversion of n-hexane (99.3 %) was observed at 833 K over Pt-Cs-ETS-10. 5) The Pt-Ba-Zeolites and Pt-Cs-Zeolites were many times more active than a commercial Pt-Al2O3 in aromatization on n-hexane. 6) Values of Sanderson electronegativity and oxygen charge of different ion exchanged zeolites (LTL, BEA, FAU and ETS-10) reveal a relationship between benzene yield and basicity of the catalyst. Benzene yield is found to be a function of the intermediate electronegativity (Sint) and charge on oxygen of the Pt-M-zeolite, suggesting an increasing transfer of electronic charge from the basic support to the metal with increasing electropositive character of the alkali metal. The salient features and conclusions of the computational studies are summarized as follows: 1) The isomorphous substitution of Al atom in the place of silicon prefers the T1 site of LTL. When two Al atoms are isomorphically substituted, they prefer the locations farthest from each other. As far as the binding energy of these cations are considered, cations present in MII site is more strongly bound to the zeolite than those at MI. The binding energy of the cation with the zeolite cluster decreases from Li to Cs and Mg(OH) to Ba(OH). The charge on the cation increases from Li to Cs and Mg(OH) to Ba(OH). The charge on MII cationic site is more electropositive than MI site. This indicates that cations in MII site may exhibit higher catalytic activity (acidity). 2) The net electron transfer between the Pt5 cluster and the M-zeolite depends on the zeolite and the nature of the exchanged metal ion. The net electron transfer from Pt to M-zeolite increases in the order, H > Li > Na > K > Rb ~ Cs in the case of the alkali metal ions and in the order Mg(OH) > Ca(OH) > Sr(OH) > Ba(OH) for the alkali metal ions. The most active and selective catalysts are the Cs and Ba exchanged catalysts. In these catalysts, the transfer of electron is from the M-zeolite to the Pt5 cluster, making Pt electron rich. 3) Binding energy values for the adsorption of benzene over Pt supported on highly basic zeolites are low. This suggests that a weaker adsorption of benzene occurs on electron-rich Pt clusters. The weaker adsorption of benzene could translate into larger activity of these catalysts due to faster desorption of the product benzene from the active centers (Pt). 4) Binding energy values for the adsorption H2S are larger for Pt supported over more basic zeolites than over less basic ones. Electron transfer takes place from Pt to S and is more when Pt is supported on a basic support. This suggests that Pt supported on basic catalysts is more vulnerable to sulfur poisoning. 5) In the case of ETS-10, the electron transfer from the support to the Pt is influenced by the location of Pt. When the Pt is located near a [TiO6] Oh rather than a [SiO4] Td, the electron transfer from ETS-10 to Pt is more efficient. Thus the interaction between [TiO6] and Pt is more favorable than that between [SiO4] and Pt. There is also a clear preference for the location of small Pt clusters nearer to [TiO6] inside M-ETS-10 lattice. It is likely that in Pt-M-ETS-10, the Pt cluster located near [TiO6] Oh will be more catalytically active than the one located near [SiO4] Td. 6) Thus, the important role played by the electronic structure of Pt on n-hexane aromatization is clearly brought out. The various factors such as the structure of the zeolite, basicity of the zeolite, Pt dispersion etc. that influence the electronic structure of Pt have been identified, suitable metrics devised and quantified based on the ab initio calculations. These results provide the design space of Pt-M-zeolite for reforming catalysts and the calculations may be used as a screening tool

